Date Fruit Extract (Phoenix Dactylifera, Ajwa) Modulates NK Cells and TNF- Alpha in DMBA-Induced Mammary Cancer Sprague-Dawley Rats by Elhemeidy, R. M. (Rehab) et al.
JOURNAL OF TROPICAL LIFE SCIENCE 
2018, Vol. 8, No. 3, 227 - 235 
http://dx.doi.org/10.11594/jtls.08.03.04 
 
 
 
How to cite: 
Elhemeidy RMM, Lyrawati D, Widjajanto E (2018) Date Fruit Extract (Phoenix dactylifera, Ajwa) Modulates NK Cells and 
TNF-Alpha in DMBA-Induced Mammary Cancer Sprague-Dawley Rats. Journal of Tropical Life Science 8 (3): 227 – 235. 
doi: 10.11594/jtls.08.03.04 
Research Article  
 
 
Date Fruit Extract (Phoenix dactylifera, Ajwa) Modulates NK Cells and TNF- 
Alpha in DMBA-Induced Mammary Cancer Sprague-Dawley Rats  
 
Rehab Mohammed Mustafa Elhemeidy 1, Diana Lyrawati 2 *, Edi Widjajanto 3 
 
1 Faculty of Medicine, Brawijaya University, Malang 65145, Indonesia 
2 School of Pharmacy, Faculty of Medicine, Brawijaya University, Malang 65145, Indonesia 
3 Department of Clinical Pathology, Faculty of Medicine, Brawijaya University, Malang 65145, Indonesia 
 
 
Article history: 
Submission April 2018 
Revised May 2018 
Accepted June 2018 
 
 
ABSTRACT 
 
Cellular immune system is one of anti-tumor target development. NK cells, one 
of major components of antitumor innate immune responses, are frequently de-
creased functionally during breast cancer progression, whereas TNF-alpha 
changes from anti-tumor into pro-tumorigenesis and its level increases with ad-
vancing cancer. In this study, we investigated the immunomodulatory effects of 
Ajwa date fruit extract to determine whether it stops the progression of breast can-
cer. Using rats induced with single dose 20 mg DMBA subcutaneously, we exam-
ined whether administration of Ajwa date fruit (Phoenix dactylifera) extract (at 
400, 800 mg/kg body weight/d) post-DMBA induction for 30 days modulate NK 
cells, TNF-alpha, and development of breast cancer. ELISA, FACS, immuno-
histochemistry, and histologic observation were employed. Compared to positive 
control group (DMBA-induced only), we showed that the Ajwa date fruit extract 
normalize the level of circulatory CD161 NK cells and breast tissue TNF-alpha, 
cell size and proliferation, and improve overall survival rates. Ajwa date fruit ex-
tract may be used to modulate NK cells and TNF-alpha against progression of 
breast cancer. Further studies are required to develop date fruit extract as anti-
cancer in human, whether as single or adjunct therapy to standard management of 
breast-cancer. 
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Introduction 
NK cells, one of major components of anti-tu-
mor innate immune responses, are frequently de-
creased functionally during breast cancer progres-
sion [1], whereas TNF-alpha changes from anti-
tumor into pro-tumorigenesis and its level in-
creases with advancing cancer [2]. NK cells and 
TNF-alpha are among cellular immune system tar-
gets in anti-tumor development. 
Others have reported the general immunostim-
ulatory capacities of matured date fruit extract [3]. 
In particular, Ajwa date fruit extract has been 
shown to exert anticancer activities, e.g. in vivo in 
hepatocarcinoma [4]. The anticancer properties 
are mainly associated with antioxidant and anti-in-
flammatory of the phytochemical components of 
the herbs [5, 6]. Ajwa date extract was also in vitro 
tested in breast adenocarcinoma [7]. The advanc-
ing of breast cancer, chemotherapy-resistance, and 
recurrence involve immune-escape of the breast 
cancer cells [8]. Thus, in this study, we aimed to 
determine whether Ajwa date fruit extract could 
modulate immune system in vivo, in particular al-
ter the NK cells and TNF-alpha levels to stop the 
progression of breast cancer. 
 
Material and Methods 
Ajwa date fruit extract 
The Ajwa date fruits were obtained from 
Madinah, UAE. The pulp of the dried Ajwa fruits 
was manually separated from the pits and pulver-
ized into powder. About 650 g of the powder was 
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soaked in 2 L of cold distilled water. After 24 
hours, the solution was filtered and lyophilized to 
dryness, and kept at 4°C until used. Ajwa date ex-
tract to be given orally to animals was freshly 
thawed daily. 
 
Animals and treatments 
Female Sprague-Dawley rats aged 50 – 60 
days (200 g body weight) were obtained from 
Central Laboratory of Life Sciences - Animal Sup-
plier, Brawijaya University, Malang, Indonesia. 
The animals were allowed access to food and tap 
water ad libitum throughout the acclimatization 
and experimental periods. Three groups of six rats 
were treated with 20 mg 7,12-dimethylbenz(a)an-
thracene (DMBA, Sigma-Aldrich, USA) in 0.5 
mL olive oil, injected subcutaneously into right 
flank, whereas normal group was given 0.5 mL ol-
ive oil. Rats were palpated weekly to check for tu-
mour appearance. Administration of Ajwa date 
fruit extract were started orally from week 11 to 
14: 400 mg/kg body weight/d in distilled water 
(group T1); or 800 mg/kg body weight 500 g/d in 
distilled water (group T2), whereas normal and 
positive control were not given any extract. Doses 
used in these experiments were calculated based 
on previous report [4]. All animals received hu-
mane care in compliance with the National Insti-
tutes of Health criteria for care of laboratory ani-
mals. All treatments were in accordance to stand-
ard protocol agreed by Animal Ethics Committee 
for Health Research, Faculty of Medicine, Brawi-
jaya University (#115/EC/KEPK-S2/03/2017). 
 
Sample collection 
All animals were sacrificed at the end of week 
14 post-DMBA treatment, euthanized by CO2 in-
halation. Blood was obtained by cardiac puncture 
and collected without anticoagulant, then centri-
fuged at 500 g for 10 minutes to get serum. Breast 
tissue were removed, weighed, and cut for evalua-
tion, including for TNF-alpha and histological 
analysis.   
 
TNF-alpha measurement 
Protein were isolated from breast tissues using 
RIPA buffer standard protocol [9] and TNF-alpha 
were measured using ELISA method (R&D Sys-
tems, USA) according to manufacturer’s instruc-
tion as previously described [10]. Absorbance was 
recorded at 450 nm. The protein level of tissue su- 
 
pernatant was estimated and concentrations of  
TNF-α expressed as ng/mg of protein.  
 
Evaluation of NK cells 
Isolation of NK cells from PBMC and meas-
urement were performed as previously described 
[11] using FITC conjugated mouse anti-rat-
CD161 antibody (Immunotools, Germany) on 
FACS machine (FACSCalibur). 
 
Histopathological evaluation 
Samples of the breast tissues were fixed in 
10% neutral buffered formalin solutions for 24 h. 
Standard histopathological techniques were fol-
lowed for processing the tissue and preparation of 
paraffin blocks. A qualitative analysis of breast 
tissue was performed on sections (4 μm thick) 
stained with haematoxylin and eosin (H&E) for 
histopathological examination and Ki-67 for pro-
liferation index. Sections were observed by using 
an Olympus CX 21 series microscope and OlyViA 
image viewer analytical system. Each sample was 
observed at a magnification of 40× and 400×. 
Morphologic observation, cell shape and size, was 
performed on five fields per section, and deter-
mined by two trained investigators who were una-
ware of the experimental groups. Microscopic im-
ages (at least five fields/slide) were analysed using 
Image J v. 1.45. 
 
Immunohistochemistry evaluation 
Fixed liver sections on slides were processed 
for immunohistochemistry evaluation. A primary 
mouse anti-Ki-67 monoclonal antibody (Immuno-
tools, Germany) was employed in a standard im-
munostaining protocol [12, 13]. Colour was devel-
oped using DAB-horse radish peroxidase (Sigma-
Aldrich, USA) to produce a brown precipitate. 
Sections were counterstained with hematoxylin 
(Sigma-Aldrich, USA). Stained cells were exam-
ined microscopically [14] and images recorded as 
described above.  
 
Statistical analysis 
The results were expressed as means ± stand-
ard deviation. Statistical analyses (GraphPad 
Prism v.7, GraphPad Inc., CA, USA) were per-
formed using One-way ANOVA followed by 
Tukey post –hoc test and considered significant at 
p<0.05. 
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Results and Discussion 
Measurement of TNF-alpha of breast tissues 
In this study, rats with breast cancer tissues 
TNF-alpha level have increased (p < 0.0001) (Fig-
ure 1). Administration of Ajwa date extract 
whether 400 or 800 mg/kg BW/d normalised TNF-
alpha level (p = 0.0732 and p > 0.9999, respec-
tively). TNF-alpha levels (means ± SD) were 
43.24 ± 3.417; 56.95 ± 4.128; 45.04 ± 0.6029; and 
43.29 ± 1.551 ng/L for normal; DMBA only; Ajwa 
treatment 400 and 800 mg/body weight/d groups, 
respectively. 
 
Measurement of circulatory NK cells 
In this study, DMBA-induced breast cancer 
rats showed decreased circulatory NK cells num-
ber (p = 0.003), and Ajwa date extract could in-
crease NK cells number more than that of normal 
group (p = 0.0002) (Figure 1).  Percentages of NK 
cells (mean ± SD) were 30.6 ± 26.7; 27.01 ± 18.94; 
54.91 ± 13.95; and 89.5 4± 5.24% for normal; 
DMBA only; Ajwa treatment 400 and 800 
mg/body weight/d groups, respectively. 
 
Histopathological evaluation 
Slides were observed based on the morphol-
ogy, curvature of terminal duct-lobule which in-
clude the acini, ducts surrounded by epithelial and 
myoepithelial cells, basement membrane, the lu-
men and fatty tissue. Compared to normal group, 
administration of DMBA resulted in morphologi-
cal changes (Figure 2, Table 1). Rats in DMBA 
only group lost normal breast cell features, the lu-
men of the duct was filled with atypical prolifera-
tive cells. The basophilic proliferative cells also 
damaged the basement membrane and infiltrated 
into the fibrous connective tissue, forming inva-
sive ductal carcinoma. Groups treated with Ajwa 
date showed morphology similar to normal cellu-
lar structures, ductus surrounding with epithelial 
cells, acini and fat cells, albeit some fibrosis also 
detected. 
 
Immunohistochemistry Ki-67 evaluation 
In the present study, we determined whether 
Ajwa extract could inhibit proliferation of breast 
cells following DMBA induction.  Using immuno-
histochemistry, we analysed cells expressing Ki-
67 using antibody against rats Ki-67 (Figure 3). 
Administration of Ajwa date extract decreased Ki-
67 stained breast cancer. Compared to the DMBA 
only group (60 – 64% cells Ki-67 stained showed 
dark brown color), Ajwa date extract treatment re-
sulted in decreased breast cell proliferation (cells 
showed blue color). 
 
Evaluation of cell size 
DMBA only induction resulted in bigger cell 
size (9.17 – 15.66 µm) compared to normal group 
(3.03 – 4.17 µm) (p < 0.0001), whereas treatment 
with Ajwa date extract could renormalized the cell 
size, in particular at 800 mg/kg body weight/d 
(3.32 – 5.25 µm) (Figure 4). The nuclear cytoplas-
mic ratio in normal cell approximately between 1 
: 5 – 1 : 6, in cancer cell following DMBA induc-
tion ~ 1 : 1 with large cell size, and after treatment 
with Ajwa date fruit extract back to ~14 – 1 : 6.  
 
Overall survival rates 
DMBA induction resulted in decreased sur-
vival rates. In Ajwa date groups, rats died only be-
fore Ajwa date extract treatment. After treatment 
with Ajwa extract, none of the rats died. Ajwa date 
extract could improve survival rate of rats induced 
with DMBA (Figure 5), however did not reach sta-
tistical significance (p = 0.21). 
In this study, we used DMBA to induce 
chronic liver breast cancer in Sprague-Dawley rats 
then treated with Ajwa date extract to see whether 
administration of Ajwa extract could prevent the 
progression of breast cancer. DMBA following 
metabolism generated many mutagenic metabo-
lites. DMBA is a highly lipophilic molecule, thus, 
DMBA can accumulate at the breast adipose tissue 
or epithelium contact [15]. After metabolic activa-
tion in the mammary gland, the carcinogenic me-
tabolites interact with rapidly proliferating cells, 
forming DNA adducts. 
The subsequent mutations contribute in cells 
transformation into malignancy [15]. Sprague-
Dawley (SD) rats were used because they are 
DMBA-sensitives mainly at 55 – 60 days of age 
[15]. As this study showed, DMBA administration 
resulted in breast cancer, whereas treatment with 
Ajwa date extract may stop the progression of 
breast cancer as shown in histopathological data 
and Ki-67 staining’s (Figure 2 and 3). 
The results in this study showed that TNF-al-
pha values of group treated with DMBA alone was 
high, whereas TNF-alpha profiles in breast tissue 
of DMBA-induced rats which subsequently 
treated  with  Ajwa  date  extract  did  not  differ  
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Figure 1. Ajwa date fruit extract improved TNF-alpha level and NK cell number in breast cancer groups.  FACS 
of NK cells showed that in DMBA-only group number of NK cells decreased (B) whereas administra-
tion of 400 or 800 mg Ajwa date extract increased NK cells (C, D). Graphs showed that Ajwa date 
extract normalised TNF-alpha level (E) and increased number of NK cells (F). Asterisks indicate that 
values statistically different compared to that of normal group. 
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significantly with the normal group. On the con-
trary, the number of circulatory NK cell in DMBA 
alone group was low, whereas Ajwa date treat-
ment groups showed higher number than both nor-
mal and DMBA alone groups. Such data indicates 
that treatment with Ajwa date extract could nor-
malised TNF-alpha in breast tissue of DMBA-in-
duced rats while increasing CD161 NK cells. 
Ajwa date properties as antioxidant, anti-inflam-
matory [5, 6, 16] and anticancer [4] may play roles 
in TNF-alpha modulation. Many date extracts 
have been characterised physicochemically and 
tested for their antioxidant capacities as direct free 
radical scavengers and/or improve the antioxidant 
enzymes level/activities [17]. Ajwa date extract 
serves also as anticancer by inhibiting cancer cell 
proliferation [18] and modulation of pro-inflam-
matory cytokine/chemokines expression and in-
hibiting COX-2 inflammatory pathways [5, 18].  
Controlling the mutagenic and pro-inflammatory 
substances including containment of free radical 
species would result in low level of TNF-alpha in 
tissue. TNF alpha expressing tumours up-regu-
lated Fas (CD95) expression and inhibited the ex-
pression of tumour metastasis associated molecule 
CD44v3 [19]. High level of TNF-alpha, however 
is not always good for cells/tissue. Tumour necro-
sis factor-alpha is also a potent endogenous muta-
gen that promotes cellular transformation [20], 
cancer growth and invasion [21].  
Ajwa date extract could also regulate prolifer-
ation, migration, differentiation and maturation of 
hematopoietic cells, e.g. red blood cells and plate-
let [22].  The later properties of Ajwa date may 
explain the increase number of CD161 NK cells 
observed in the present study. During carcinogen-
esis, NK cells, serving immune-surveillance, 
should recognise then lyse tumour cells [23].  The 
ability of NK cells to lyse target cell is acquired at 
specific stage of differentiation and phenotypi-
cally identifiable as CD161+ [24]. The NK cyto-
lytic function links also to TNF-alpha which up-
regulating target cells ICAM-1 expression, hence 
facilitating conjugation between target cells and 
NK cells [25].  CD161 is an inhibitory surface re-
ceptor in NK cells, can also be found in T-cells  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Histopathological observation of breast cells following DMBA-induction with or without Ajwa date 
extract. DMBA induction resulted loss of normal cell features (A, normal group, B, DMBA only 
induction). Ajwa date extract normalised morphological features of cells in rats with DMBA induction 
(C, 400 mg Ajwa date extract, and D, 800 mg/kg BW/d Ajwa date extract). Arrows indicates fibrotic 
tissues (D). Original magnification, 400×. 
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 Table 1. Histopathological analysis of hematoxylin-eosin stained cells following DMBA- induction and Ajwa 
date extract treatments 
 Normal mammary tissue   Cancer mammary tissue  After treatment 
Structure  Composed of terminal 
duct-lobule (TDL) units 
and fatty tissue 
Loss of normal cell 
features,and  specialisation 
and functional 
differentiation 
 
No cancer cell  
 
   
 
Shape 
 
Regular shape, 
small,uniform shaped 
nuclei, relatively large 
cytoplasmic volume 
 
 
Irregular shape, large, var-
iable shaped nuclei, rela-
tively small cytoplasmic 
volume 
 
No cancer cell  
 
 
 
 
 
Size  
 
Conformity in cell size 
 
 
Variation in cell size 
 
Back to normal size 
 
  
 
 
HE-stain 
 
 
Normal cell colour 
 
Darker colour than normal 
cell 
 
 
Back to normal cell colour 
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Figure 3. Histopathological observation of breast cells following DMBA-induction with or without Ajwa date 
extract. DMBA induction resulted in high level of Ki-67 stained cell (high proliferative index) (B) com-
pared to that of normal group (A). Ajwa date extract normalised Ki-67 expression in breast cells in rats 
with DMBA induction (C, 400 mg Ajwa date extract, and D, 800 mg/kg BW/d Ajwa date extract). 
Original magnification, 400×. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Cell size. DMBA induction resulted in bigger cell size compared to normal group (p<0.0001), whereas 
Ajwa date extract at800 mg/kg BW/drenormalized the cell size. 
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subsets, functions as immunosurveillance by rec-
ognising tumour cells not expressing MHC class I 
and destroying them [24]. It is associated with a 
good outcome in cancer patients [26]. It may be 
related to components of the extracellular matrix 
and connective-tissue growth factor, and a media-
tor of fibrosis that promotes the synthesis of the 
matrix. Histologically, presence of fibrosis fol-
lowing treatment in biopsied cancerous tissues is 
one of markers associated with good clinical out-
comes [27].  
Combination of controlled level of TNF-alpha 
and CD161 NK cells, in the present study, associ-
ated with good histological observation in groups 
DMBA-induced that treated with Ajwa date ex-
tract. The survival curve also supports the protec-
tive effect of Ajwa date extract. As Ajwa date con-
tains many compounds including amino acids and 
monosaccharides[28], treatment with Ajwa ex-
tract not only protect from DMBA-induced breast 
cancer but may also repair the cells. The detail 
mechanism of such repair remains to be clarified 
and is important for survival of the breast cancer 
individuals. 
 
Conclusion 
Current study can be concluded that Ajwa date 
fruit extract confers anticancer in DMBA-induced 
breast cancer through the modulation of TNF-al-
pha and NK cells. Thus, Ajwa date fruit extract 
could prevent disease progression and may trans-
form cancerous tissue into fibrotic or repaired tis-
sue. Further studies are required to see whether 
similar effects will be seen in different aetiology  
such as cancer due to alcohol or viruses. 
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